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Hybrid Organic-Inorganic Material with Non-Linear Optical Response based on
organic chromophores and process for the preparation thereof
Description

Technical field of the invention

The present invention concerns a material with non-linear optical response of
the type with the characteristics described in the claim 1. Object of the
invention is also a process for the preparation of this material. |
Background art

Materials with non-linear optical properties (known with the acronym NLO,
non-linear optical) in particular of the second order, in the relevant technical
field , are object of a growing interest thanks to their applications in the
industry of the telecommunications and in the field of data processing.

These materials are generally composed by an interconnected matrix in which
an organic chromophore compound with NLO properties (known also as NLO-
phore) is hosted and can be potentially oriented when exposed to external
electrical fields (poling).

The final properties of the materials, which this invention refers to, are given,
in general terms, by the NLO properties of the chromophores which are used,
‘as well as by the different ways in which they are distributed in the host matrix
and the possible interactions among them.

One of the main properties that the matrix should present is to allow the
incorporation of an amount of chromophores as large as possible, without the
latter being interested to aggregation phenomena.

In addition, the matrix should allow the production of the final material in the
shape of films with a thickness of several microns and low optical propagation
losses, and the preparation of the material at temperatures low enough to
avoid the thermal degradation of the chromophores.

The host matrix must, at the same time, permit the chromophores orientation
during poling, resulting in a good overall temporal stability of the material, and
must endure to the exposure of intense electrical fields.

The matrix that is considered here is of the hybrid type organic-inorganic.

The use of this type of matrices presents, with respect to the matrices based

on organic polymers, several advantages such as a noteworthy increase of the
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overall performances of the material, determined by a decrease of the optical
propagation losses in the 300 - 1600 nm range, the possibility to incorporate
larger amounts of chromophores, a better resistance to external agents
(chemical durability), and a better resistance to scratches and abrasion. The
application of hybrid matrices also allows to obtain products that can be
optically polished and therefore to have a better optical quality and a better
material processability both in the shape of films and bulks.
In the specific literature, several examples of application of hybrid matrixes
containing organic NLO-phores which are poled by electrical fields are reported
(Chaumel, F.; Jiang, H.; Kakkar, A. Chem. Mater. 2001, 13, 3389; Lee, K. S.;
Kim, T. D.; Min, Y. H.; Yoon, C. S. Synth. Met. 2001, 117, 311; Han, S. F.; Lj,
Z.:; Ji, S. X.; Dai, D. R.; Zhang, R. B.; Zhu, C. F.; Wang, C. J. Sol-Gel Sci.
Tech. 2000, 18, 137; Hou, Z. 1. J.; Liu, L. Y. Y.; Xy, L.; Xu, Z. L. L.; Wang, W.
C. C.; Li, F. M. M.; Ye, M. X. X. Chem. Mater. 1999, 11, 3177).
Referring to the matrices of the hybrid type organic-inorganic, several
procedures for preparing materials in which a chromophore is dispersed at
molecular level in a host matrix are known (nanocomposite materials).
In a first process, the NLO chromophore is incorporated in the matrix by a
_ physical entrapping process, wnthout any main chemlcal bond between the
matrix network and the chromophore molecule, The material obtan:\e;:i by thIS
procedure, the so called “guest-host” type, has however some drawbacks,
such as that the non-linear optical properties are largely unstable with time
and that the maximum achievable concentration of chromophore in the host
matrix is generally limited to 15-20% in weight. Beyond thlswlclmlt undesirable
phenomena of chromophore aggregation are observed.
A second known process envisages that covalent bonds between the
chromophores and the matrix network are established either via side chain
tethered bonds or along the main chain embedded bonding. The chromophores
that are used are organic molecules with a high hyperpolarizability and are
generally functionalized with the purpose of increasing both their polarizability
and their temporal stability, for instance by controlling the chemical grafting

points with the host network.
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A better material efficiency, with a higher electro-optic coefficient, is achieved
by an optimization of the environment surrounding the chromophore.

The achievement of a large hyperpolarizability of the matrix-chromophore
system and its temporal stability is, however, modest in the systems described
by the scientific literature, both because of the chromophores nature and
because of the type of used hybrid matrices, that allow only a marginal
increase of the overall properties of the NLO material.

The synthesis of a new promising class of chromophores with very large values
of hyperpolarizability (Bu up to 27000x107*® esu at 1.9 pm) ((a) Abbotto, A.;
Bradamante, S.; Facchetti, A.; Pagani, G. A. J. Org. Chem. 1997, 62, 5755.
(b) Abbotto, A.; Bradamante, S.; Facchetti, A.; Pagani, G. A.; Ledoux, I.;
Zyss, J. Mat. Res. Soc. Symp. Proceed. 1998, 488, 819), has been recently
reported. These chromophores are push-pull heterocycle-based compounds
with a zwitterionic ground-state. In fact, they exhibit an aromatic ground
state, with a large charge separation, in polar solvents (zwitterions), and an
excited state which is neutral and quinoid; this behaviour is the opposite of
that to the chromophores that are generally used for second order NLO
purposes, which have an aromatic and neutral ground-state.

The preparation of a material with non-linear optical response based on
zwitterionic chrc;mophores bresents, however, several difficulties, since these
compounds show a high tendency to photodegradation under the simultaneous
action of oxygen and light, and are easily degradable in an acid environment.

- In addition, due to their net charge separation, they easily tend to interact
each other forming aggregates (such as dimers), that cannot be oriented,
badly affecting the final NLO properties of the material. Mainly because of the
latter feature it is not possible to reach high chromophore concentrations in
the matrix, limiting the maximum achievable concentration to values around
5% in weight.

At these chromophore concentrations, the materials show encouraging NLO
properties, however not yet high enough to build up a significant alternative to
materials that are now used in the telecommunication field (such as the
expensive lithium niobate).

Disclosure of the invention
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The basic problem of the present invention is to make available a material with
a non-linear optical response, and a process for its preparation, which was
conceived in such a way to avoid all the observed problems with reference to
the cited prior art .

In the frame of this problem, a main purpose of the invention is.to realize a
NLO material that is stable with time and that it has a high second-order non-
linear optical response.

The problem is solved and the purpose is reached by a material with a non-
linear optical response and a process for its preparation, in accordance with
the appended claims.

Brief description of the drawings

The characteristics and the advantages of the present invention will become
readily apparent from the detailed description of some preferred embodiments
thereof, which are described by way of non limiting examples with reference to
the appended drawings, in which:
— Figure 1 is a flow chart of the process to prepare the material in
accordance with the present invention;
— Figure 2 represents the structural formula of some compounds which
have been used in the material according to the invention;
— Figure 3 repreéents 8 scherne of the preferred route to /r‘ealizéa phase ﬁ
of the process for the preparation of the material according to the
invention;
— Figure 4 represents the UV-vis absorbance spectrum of the material
according to the invention and of a comparison material .

Best modes for carrying out the invention

The material with non-linear optical response in accordance with the invention
includes a chromophore which is hosted in a matrix, in particular, a silica
based organic-inorganic hybrid matrix synthesized via sol-gel.
The general process for the preparation of a material, to which this invention is
referred to, typically includes the following steps:

a) Formation of a sol from alkoxides compounds;

b) Hydrolysis and condensation of this sol in acidic or basic conditions in a

sol-gel reaction medium in which the chromophore has been added;
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c) Removal of the residual solvent from the gel, so that a monolithic glassy
material is obtained, or, in alternative, deposition of a film from a
solution obtained in the previous step;

d) Exposure of the material to an electrical field (poling) with the purpose
of obtaining an iso-orientation of the chromophore molecules. This step
can be also performed during, or at the end, of one of the previous
steps.

The chromophore has the general formula (I):

¢y
where:

- Het-1 is selected among the following heterocyclic groups:

1 T
® A ll? A

AR

R A
= N Ne@
D XS
| @
R A

where may be O, S, Se; R and R; are identical or different,.and are selected

from the group consisting of H, alkyl groups having from 1 to 18 carbon atoms,
alkoxy, aminoalkyl, alkylhalide, hydroxyalkyl, alkoxy-silane, aryloxy-silane, alkyl
groups containing hydroxy and amino functionalities, alkoxyalkyl,
alkylcarboxylic, alkylsulfonic, alkyl groups containing epoxy, carbonyl, carboxyl
and alkoxy-carboxyl functionalities, including a,B-unsaturated groups; and A is
selected among the anions alkylsulfonate, arylsulfonate, polyarenesulfonate,
triflate, halide, sulfate, methosuifate, phosphate, polyphosphate;

- Het-2- and Het-3, identical or different, are selected among the following

heterocyclic groups:
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wherein Y may be O, S, and NZ with Z = H, lower alkyl, aryl; and R, and Rs,
identical or different, are lower alkyl, lower alkoxy, hydroxyalkyl, alkoxy-silane,
aryloxy-silane, and alkyl groups containing hydroxy and amino functionalities;

- W is selected from the group consisting of H, alkyl groups having from 1 to 18
carbon atoms, alkoxy, aminoalkyl, alkylhalide, hydroxyalkyl, hydroxyaryl,
alcoxy-silane, aryloxy-silane, alkyl groups containing hydroxy, amino,
hydrazone, azine, carbazone (such as =N-NH-CO-NH-NH,) and carbadiazone
(such as =N-NH-CO-NH-N=) functionalities, alkoxyalkyl, alkylcarboxylic,
alkylsulfonic, alkyl groups containing epoxy, carbonyl, carboxyl and alkoxy-
carboxyl functionalities, including a,B-unsaturated groups, and alkyl groupé,

also negatively charged, containing cyano functionalities, such as:
CN

—@

CN

and groups, also negatively charged, containing N- alkylsulfonyl and N-
arylsunfonylhydrazones, such as -CH=N-N -SO,-Ar. When W has a negative
tharge the group A is omitted from structures of Het-17 and”

- I,m,n, and o, each independent of the others, may be 0, i, 2, or 3.

In particular, the most interesting compounds having general formula (I) are
“push-pull” chromophores, with a zwitterionic ground-state, and with a large
hyperpolarizability. S

A preferred example of used chromophore is 1-[N-(3-N'-
diethanolaminopropyl)pyrid-4-yl)-2-[5-(dicyanomethanido)thien-2-yl]ethylene
(BisOH.PETCN), the structure of which is presented in figure 2.

This chromophore easily decomposes in an acidic environment or upon
exposure to light radiation in the presence of oxygen.

In order to firmly host this type of chromophores, said matrix contains one or
more multifunctional alkoxy-silane components, equal or different, having

general formula (II):
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(I1)
where R, is selected from the group consisting of H, lower alkyl (C1 -C4), aryl,
and where Rs contains from 1 to 18 carbon atoms and is selected from the
group of alkyl, aryl, aminoalkyl, polyaminoalkyl, glycidoxyalkyl, alkoxy,
hydroxyalkyl, methacryloxyalkyl, isocyanate, and other groups containing
epoxy, alkoxycarbonyl a,B-unsaturated functionalities and one or more double
or triple bonds, capable to give a subsequent polymerization or
polycondensation reaction.
Other metallic alkoxides, such as alkoxides of zirconium, aluminium, tellurium,
titanium, germanium, tin can be total part in the formulation. .

Preferably, in combination with a compound that is generally employed to
realize silica based matrices, such as the tetraethylorthosilicate (TEOS) or the
tetramethoxysilane (TMOS), alkoxy-silanes of the general formula (II),
selected between those presenting an organic functional side that is
polymerizable or that can be polycondensed by thermal treatments or using
the proper catalysts, are used.

Preferred examples. of such - alkoxides are - the 3- .
glycidoxypropyltrimethoxysilane (GPTMS) and
methacryloxypropyltrimethoxysilane (MPTMS) (structural formula in figure 2).

The preparation of the hybrid organic-inorganic matrix envisages, first of
all, the preparation of a solution of compounds of general formula (II).

Water soluble alcohols, such the methanol, or hydrosoluble solvents such
as tetrahydrofuran (THF), can be used as solvents.

The solution is preferably prepared by co-hydrolyzing GPTMS (or MPTMS)
with TEOS in methanol, in the presence of water and proper hydrolysis
catalysts. These catalysts are preferably basic, even if, in some cases, is
possible to use acidic catalysts.

The solution so prepared is identified as precursor sol (or buffer sol GT).

An alkoxy-silane of formula (II), bearing an amine terminal group in the

organic functional side (Rs), is then added to the precursor sol. Preferred
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examples of such compounds are 3-triethoxysilylpropylamine (TESPA) or the
N-(3-trimethoxysilylpropyl)ethylendiamine (TMESPE), the structural formulas
of which are described in figure 2.

The use of alkoxy-silanes containing amine functionalities has an important
effect on the final material properties.

They play, in fact, a double role: first, they are relatively strong bases able to
catalyze the sol condensation to obtain a silica gel, and then, they can react
with epoxy groups possibly present in other alkoxy-silanes, for instance the
GPTMS, inducing the ring opening and the following polymerization.

Not last, the presence of amine groups in the matrix, besides providing a
favorable environment (not acidic) to zwitterionic type chromophores, protects
them from the degradation by light and oxygen.

The amount of alkoxy-silane compounds bearing amine groups to be added
to the first solution depends on the type of compounds and the desired
gelation rate.

In the preferred embodiment in which GPTMS and MPTMS are used, the
molar ratios between TESPA (or TMESPE) and GPTMS or MPTMS are generally
between 0,510 and 0,9. A preferred molar ratio is 0,67.

A second solution, in which the chromopljore is dissolved in a solvent from

-the group previously identified in relation With the first solution, is separately
prepared. |

Preferably, the solvent used, due to its strong ability to solubilize the
chromophore, is acetonitrile.

As an alternative, the alkoxy-silane compounds containing amine groups
can be prepared with the second solution in place of being added to the buffer
sol GT.

According to a main characteristic of the invention, the .second solution

contains also a compound of formula (III):
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where S e S, are independently selected from the group consisting of H, lower

S

<
e

alkyl and aryl, and S; is a linear or branched alkyl chain containing from 1 to
18 carbon atoms and at least one hydroxyl group. The alkyl chain S; may also
contain amine groups.

The hydroxyl group of the compound of formula (III) is very important
because permits the compound to be covalently bonded to the matrix.

The compound of formula (III) is, preferably, N-hydroxyethylcarbazoie
(CbOH), which is derived from the general formula imposing S ed S; both
equal to H and S; equal to C;H4OH.

CbOH is present in the second solution in such a way that the molar ratio
between the chromophore and CbOH is higher than 0.1. A composition in
which the chromophore - CbOH molar ratio is in the range of 0.4 to 1 is
_particularly preferred.

The compounds of formula (III) allow to reach high concentrations of
zwitterionic chromophores in the matrix avoiding their aggregation to dimers
or higher order aggregates. In this way the potentiality of the chromophores
can be fully exploited obtaining materials with very good NLO properties, as it
will be better clarified hereafter.

The second solution is added to the previously described precursor sol and the
mixture is allowed to react for one hour at 80 °C under reflux. The sol is
allowed to react for further few hours at 30 °C.

The solution is then immediately used to deposit films on glass substrates to
be electrically poled.

In alternative ITO (indium tin oxide) coated glass substrates, silicon or organic
polymeric substrates, can be used.

The film is deposited by dipping and withdrawing a proper substrate at a
controlled speed (“dip-coating”), or by depositing the solution on a substrate
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which is rotating at a controlled speed (“spin-coating”), or by spraying
depositing techniques.
In alternative, a bulk material can be prepared by drying at 60 °C the solution
placed in a proper container. ,
The poling process is realized by a high voltage corona poling, as depicted in
Figure 3. The film is deposited on a glass substrate and is placed between two
electrodes, one of them being formed by a charge layer and the other by a
conducting plate.
The charge layer is generated by applying a voltage between a thin conducting
wire and a conducting plate. A heater allows the matrix relaxation and
therefore facilitates poling. The material shows an excellent orientation at
poling temperatures in the range between 80 and 150°C, by applying the
electric field for some hours. '
Check of the chromophores orientation under the action of the electric

field is accomplished by measuring a non-linear optical property of the system
(Second Harmonic Generation), which is present only in case of chromophores
orientation. When the electric field is switched off the material remains
partially oriented with a high temporal stability. The sample is kept partially
oriented in a controlled atmosphere during poling.
Poling is preferentially performed by using a gold wire in place of a tip, the
latter being instead commohly used. In this way a uniform electric field is
obtained and damage to the film is avoided.

Example 1

Tetraethoxysilane (TEOS) e 3-glicydoxypropyltrimethoxysilane (GPTMS)
are co-hydrolised in methanol (MeOH) for 4 hours under reflux at 80 °C
(buffer sol GT).

The following molar ratios have been used:

MeOH:Si=1.7,

GPTMS:TEOS = 7:3,

H,0:(TEOS+GPTMS)=1.65.

N-[(3-trimethoxysilyl)propyl]ethylenediamine) (TMESPE) has been then
added to the sol of GPTMS and TEOS up to a molar ratio TMESPE :
(GPTMS+TEOQS) = 0.45.
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The chromophore BisOH.PETCN and N-hydroxyethylcarbazole (CbOH),
previously dissolved in acetonitrile, have been added to the sol obtained in the
previous step so to reach the maximum molar ratio BisOH.PETCN : Si = 0.20
and BisOH.PETCN/CbOH = 0.4.

Example 2

A solution, following the same process of the previous example, has been
prepared. The used compounds and relative amounts are the same as in
Example 1 with the exception of CbOH, which is not added to the solution, and
for the amount of used chromophore, the molar ratio of which with silicon is
0.05. Several attempts have been done to produce films with a chromophore
concentration similar to that of example 1, however films prepared in absence
of CbOH with such a large amount of chromophore show an optical quality that
is absolutely not acceptable for the proposed purposes. '

Example 3

Films (typical thickness 2 pm) have been deposited in a clean room by
spinning with a depositing rate of 500-2000 rpm, using the solutions of the
examples 1 and 2, as prepared. After the deposition, the films have been poled
in situ using a proper measurement chamber containing the heater element, in
order to have thermally assisted poling, and a N, flux, in order to control the
atmosphere during the process. '

The process lasted for approximately 4 hours at a temperature of about
85°C, by using the gold wire technique, with the wire being placed at a
distance of around 1 cm from the film and applying a voltage of about 7000 V.
The NLO properties of the material were measured by an experimental
apparatus composed of a laser, some filters for the first and second harmonic,
a monochromator, a phototube and an automated system of data acquisition.
The non-linear coefficient dss; (that is, a measure of the second order non-
linear susceptibility of the material) is obtained by a calibration system
composed of a “Y-cut” quartz plate.

The following results have been obtained.

The film prepared using a solution with 5% of chromophore and without o
CbOH (example 2) has given di; values in the range between 0,5 and 2,5
pm/V at 1.064 um, whilst the film obtained from the solution with 20%
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chromophore concentration and in presence of CbOH not only showed a good
optical quality, even if the chromophore has a high concentration, but also led,
in a totally unexpected way, to ds; values in the range between 50 and 75
pm/V at 1.064 um.

It should be noted that a hypothetical film with 20% in weight of
chromophore but without CbOH should have given, under ideal conditions,
maximum values of d33 between 2 and 10 pm/V, as it is directly obtained from
the values measured for the film of the example 2.

Both the films from examples 1 and 2 have been subsequently analyzed
through UV-visible spectroscopy, the results of which are shown in figure 4.

From this analysis it is clear that the peak due to the aggregates of
BisOH.PETCN (at around 420-430 nm) is completely absent in the film of
example 1, whereas the same aggregate peak is rather evident in the film
relative to the example 2. This fact gives a clear explanation of the difference
of ds3 values in the two cases, leading to the conclusion that the reason why
the chromophore, even if present in the matrix in a high concentration , does
not aggregate is the presence of CbOH.

Therefore, the materials obtained introducing compounds of formula (III) in
the matrix permits to exploit the previously unexpressed potentialities of the
zwitterionic chromophores, rhaking available at the same time a matrix able to
provide stability to the cromophores.

Therefore, the present invention achieves the proposed targets, offering at
the same time a material and a process for its preparation that gives several
advantages with respect to the prior art , in particular the possibility to obtain
stable materials having high NLO response and minimum formation of

aggregates even in presence of high chromophore concentrations.
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CLAIMS
A hybrid organic inorganic material with non-linear optic response,
comprising a cross linked matrix hosting at least one organic
chromophore which may be dipole-oriented using electric fields,
characterized in that it comprises an effective amount of compounds

having general formula (III):

(I11)
where S e S, are independently selected from the group consisting of

H, lower alkyl, aryl, and S, is a linear or branched alkyl chain
comprising from 1 to 18 carbon atoms and at least one hydroxyl
group.

A material according to claim 1, wherein said compound of general
formula (III) has S and S; both equal to H and S, equal to C,H4OH.

A material according to claim 1 o 2, wherein the molar ratio between
said chromopi’;ore ’and said compound of formula (III) is higher than
0.1.

A material according to claim 3, wherein the molar ratio between said
chromophore and said compound of formula (III) is in the range of 0.4
to 1.

A material according to any of claims 1 to 4, wherein said

chromophore has the general formula (I):

where:
- Het-1 is selected among the following heterocyclic groups:
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where X may be O, S, Se; R and R; are independently selected from the
group consisting of H, alkyl groups having from 1 to 18 carbon atoms,
alkoxy, aminoalkyl, alkylhalide, hydroxyalkyl, alkoxy-silane, aryloxy-
silane, alkyl groups containing hydroxy and amino functionalities,
alkoxyalkyl, alkylcarboxylic, alkylsulfonic, alkyl groups containing epoxy,
carbonyl, carboxyl and alkoxy-carboxy! functionalities, including a,B-
unsaturated groups; and A is selected among the anions alkylsulfonate,
arylsulfonate, polyarenesulfonate, triflate, halide, sulfate, methosulfate,
phosphate, polyphosphate; unless W has a negative charge, in which
case A is omitted from structures of Het-1;

- Het-2- and Het-3 are independently selected among the following
heterocyclic groups:

Ra Ra I\
® m Y J_S\ N
/(y}\ Y (\_]/ s W/Z/:\S\

wherein Y may be O, S, and NZ with Z = H, lower alkyl, aryl; and R, and
Rs, identical or different, are lower alkyl, lower alkoxy, hydroxyalkyl,
alkoxy-silane, aryloxy-silane, and alkyl groups containing hydroxy and
amino functionalities;

- W is selected from the group consisting of H, alkyl groups having from
1 to 18 carbon atoms, alkoxy, aminoalkyl, alkylhalide, hydroxyalkyl,
hydroxyaryl, alcoxy-silane, aryloxy-silane, alkyl groups containing

hydroxy, amino, hydrazone, azine, carbazone (such as =N-NH-CO-NH-
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NH2) and carbadiazone (such as =N-NH-CO-NH-N=) functionalities,
alkoxyalkyl, alkylcarboxylic, alkylsulfonic, alkyl groups containing epoxy,
carbonyl, carboxyl and alkoxy-carboxyl functionalities, including a,B-
unsaturated groups, and alkyl groups, also negatively charged,
containing cyano functionalities, and groups, also negatively charged,
containing N- alkylsulfonyl and N-arylsunfonylhydrazones, such as -
CH=N-N"-S0,-Ar; and

- I,m,n, and o, each independent of the other, may be 0, 1, 2, or 3.

6. A material according to claim 5, wherein the said chromophore is of the
push-pull type with a zwitterionic ground state.

7. A material according to claim 6, wherein the said chromophore is 1-[N-
(3-N’-diethanolaminopropyl)pyrid-4-yl)-2-[5-(dicyanomethanido)thien-2-
yljethyiene.

8. A material according to any of the preceding claims, wherein said matrix
is a hybrid organic-inorganic silica based matrix.

9. A material according to claim 8, wherein said matrix is obtained through
the sol-gel technique.

10.A material according to claim 9, wherein said matrix is obtained from a
solution containing one or more multifunctional alkoxy-silane

components, equal or different, having general formula (II),
. OR,
Rs—Si—ORy
OR4
(1I)
where R, is selected from the group consisting of H, lower alkyl (C1 -
C4), aryl, and where Rs contains from 1 to 18 carbon atoms and is
selected from the group of alkyl, aryl, aminoalkyl, polyaminoalkyl,
glycidoxyalkyl, alkoxy, hydroxyalkyl, methacryloxyalkyl, isocyanate, and
other groups containing epoxy, alkoxycarbonyl a,B-unsaturated
functionalities and one or more double or triple bonds, capable to give a

subsequent polymerization or polycondensation reaction.
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11.A material according to claim 10, wherein said compounds of formula (II)
are 3-glycidoxypropyltrimethoxysilane (GPTMS) and/or
methacryloxypropyltrimethoxysilane (MPTMS).
12.A material according to any of claims 8 to 11, wherein amino groups are
present in said matrix.
13.A material according to claim 12, wherein said matrix is of the type
derived from a solution comprising N-[(3-
trimethoxysilyl)propyllethylenediamine) (TMESPE) or 3-triethoxysily!
propylamine (TESPA).
14. A process for preparing a hybrid organic inorganic material having
nonlinear optical response comprising the step of providing a cross linked
matrix wherein an organic chromophore is hosted, characterized in that
a compound of general formula (III) is provided in said matrix. '
15.A process according to claim 14, wherein said compound of general
formula (I11) has S and S, both equal to H and S, equal to C;H,OH.
16.A process according to claim 14 or 15, wherein said organic
chromophore is @ push-pull chromophore with a zwitterionic ground-
state.
17.A process according to any of claims 14 to 16, wherein the following
steps for the preparation of said composite are provided: —
— preparing a first solution comprising tetraethylorthosilicate and at
least one of said alkoxy-silane compounds of formula (II) and their
subsequent co-hydrolysis,

- preparing a second solution comprising said orgah.i\c“gl;romophore and
said compound of formula (III),

— mixing the solutions and carrying out a sol condensation reaction,

— obtaining a film or a bulk material,

- exposing said film or bulk material to electric fields to orient said
chromophore in said matrix.

18.A process according to claim 17, wherein said organic chromophore is
dissolved in acetonitrile.

19.A process according to claim 17 or 18, wherein tetraethylorthosilicate
and 3-glycidoxypropyltrimethoxysilane (GPTMS) and/or
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methacryloxypropyltrimethoxysilane (MPTMS) are dissolved in said first
solution. ‘

20.A process according to any of claims 17 to 19, wherein a compound of
formula (II) comprising an amino group is added to said first solution, in
order to catalyze said hydrolysis and condensation.

21.A process according to claim 20, wherein said compound of formula (II)
is 3-aminoethyltriethoxysilane or 3-aminopropyltriethoxysilane.

22.An electro-optic modulator characterized in that it comprises a hybrid
organic inorganic material having nonlinear optical response of the type

according to claims 1 to 13.
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